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IX. 

The Tornado of August 22d 9 1851, in Waltham, West Cambridge, and Medford, Mid- 
dlesex County , Mass. (With a Map.) 

By HENRY L. EUSTIS, A. M. 



(Communicated February 3 J, 1852.) 



Meteorology is every day gaining a stronger foothold, and taking a higher rank 
among the sciences of modern times. It would be no great tax upon our powers of 
retrospection, to look back to the period when its deductions were regarded, by most 
persons, as the mere speculations of scientific enthusiasts, having no tests whereby their 
fallacy or accuracy could be demonstrated, and therefore possessing little practical value. 
Nor is this to be wondered at, since it is preeminently a science whose laws can be 
deduced only from long-multiplied observations, affording a connected series of facts, 
which, however diversified by temporary or local circumstances, may still betray, amid 
all their variety, an obedience to certain fixed principles. How far man can go in his 
attempt to elevate it into an exact science, whose deductions shall be worthy of implicit 
confidence, is not for me to say. But thus much may be confidently asserted : that, as a 
means to this end, we need, not much speculation and theorizing upon a few facts, but 
abundant observations, whereby theories may be tested, and their true value assigned to 
them, in proportion as they accord with the>facts observed, and may serve to explain and 
account for them. 

Among the subjects which come within the proper domain of Meteorology, the laws 
of storms hold no insignificant place. Accordingly, we have already a multitude of 
theories upon the subject, each warmly supported and defended by its advocates, but of 
which it is enough to say, that there is such a decided conflict between them, that they 
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cannot all be true. It is not a question of more or less, — of generalities and details, — 
but of black and white. If some of these theories be established as true, the others 
are necessarily false ; and in a matter which may be made of so much practical im- 
portance, we cannot too soon ascertain on which side the preponderance of truth is to be 
found. 

Every science is elaborated by a slow and gradual progress from its simplest elements. 
A stone falls, as stones have always fallen, and from reasoning which happens to be, by 
one mind, directed to this every-day incident, is elaborated, only after patient study and 
research, our present law of gravitation. So, in all sciences, the most common events, 
which are presenting themselves every day before our eyes, but without exciting our 
attention, do finally, when reason is properly directed to them, furnish the material — 
rude, rough, unshapen, it may be at first — which shall, when properly elaborated, form 
the solid and enduring structure of the true science. In Meteorology the work is hardly 
begun. Storms, of more or less violence, are constantly occurring, but they come with- 
out warning, and leave behind them evidences, not only of their own desolating power, 
but of man's ignorance, which prevented him from anticipating and guarding against 
them. How many millions of dollars, and how many valuable lives, would be annually 
saved, if we had that precise knowledge which could tell us with the voice of recognized 
authority that the storm is approaching, and that the ship which we are so joyfully 
cheering on her way is doomed to destruction if she leave the port ! Nay, more, we 
may deny even the possibility of prediction, and assume merely a knowledge of the 
mode and sphere of action of storms, and even this shall enable the mariner to direct 
his course with judgment, and escape their fury, instead of running, under false theories, 
into the very vortex of ruin. If the storm be not a solitary exception to those general 
laws which govern our physical world, — laws whose beauty, harmony, universality, and 
mutual dependence, science is every day more and more demonstrating, — then it is not 
unreasonable to suppose that the time will come when its laws shall be so far made 
known, that the wayfarer on the mighty deep shall be able to escape from the approach- 
ing hurricane, with the same certainty and decision w r ith which we now move out of the 
track of the rushing locomotive engine. 

To those who have lived where the hurricane or the tornado is an event of common 
occurrence, it would be impossible to convey any idea of the intense excitement caused 
in this community by the tornado of August 22, 1851. It swept through the towns 
of Waltham, West Cambridge, and Medford, prostrating in its path orchards, fences, 
forest-trees, and buildings, and involving in a few instances the loss of human life. 
While multitudes visited the scene of its ravages from mere motives of curiosity, and 
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stood appalled before the exhibition of such wondrous power, scientific men sought to 
explore its mode of action, and to find there a corroboration or a refutation of their pre- 
conceived views. It was in obedience to the call of many of this latter class, that I 
undertook the survey whose results are embodied in the accompanying map. 

It is not my object, in this memoir, to present any new theory upon the subject, nor 
even to indulge in any speculations of my own, but simply to record the facts observed, 
and to state in the plainest manner possible how the survey was made, in order that 
those who study the map may know just how much confidence is to be placed in its 
indications. This appears to me the more necessary, for the reason that, heretofore, the 
tracks of tornadoes have not generally been surveyed. The most that is ordinarily 
attempted is a rapid and rough reconnaissance of the ground, which, from its very 
nature, can embrace only the most prominent general characteristics, and is moreover 
extremely liable to be warped and biassed by the opinions and theories of the observer. 
It was sufficiently evident to me, in the course of the present survey, that had I gone 
upon the ground to make a simple reconnaissance of this kind, selecting spots here and 
there upon which to devote my principal attention, I could have found ample corrobora- 
tion of almost any of the many previously existing theories, as well as of the new ones 
to which this particular tornado has given birth. The effect of local causes is so great, 
that any examination, to be worthy of credit as a test, must embrace, not isolated spots 
selected here and there, but a continuous track, in which all the varied circumstances of 
woods and plains, hills and valleys, villages and cultivated fields, may appear in their 
proper succession. We may even go farther than this, and assert that the law of a 
storm's action may often be deduced, not so much by examining what has really suffered 
and been prostrated in its course, as by turning our attention rather to those parts, which, 
lying as it were in the very jaws of destruction, have yet escaped unscathed. 

It will be seen, by referring to the map, that it embraces only that portion of the track 
included between the foot of Wellington Hill, in Waltham, and the Mystic River. It will 
be a source of regret with many, that the particular portions in which they are most 
interested are not to be found on the map. To such I can only say, that, had sufficient 
time been at my disposal, I would most gladly have traced out the whole course from the 
beginning to the end. And this would have been the more satisfactory, inasmuch as 
opinion is by no means settled as to the point either of commencement or ending, — 
some persons asserting that its terminus was in Maiden, while others, with equal con- 
fidence, maintain that it went out to sea. As a limited portion only could be examined 
within the time which was at my command, I have seen no reason to be dissatisfied 
with the selection which was actually made. A previous reconnaissance had assured me, 
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that, although individuals had experienced severe losses in their property at points farther 
south in the track than that which was chosen for the starting-point of the survey, still, 
as a whole, the violence of the storm had been most felt in those parts which are em- 
braced within the limits of the map. Moreover, in no other part of the track are all the 
varieties of surface so well displayed within the same limited extent. Emerging from a 
thicket of forest growth, near the foot of Wellington Hill, in Waltham, the storm crosses 
an open meadow, and commences the ascent of the hill. Then it passes along the crest 
of the hill, meeting in its way houses and barns, orchards, cornfields, fences, and forests. 
Now it commences its descent, and, as if gathering fresh strength at each obstacle, flies 
with resistless violence through the town beneath, bathes its weary wings in the waters 
of Spy Pond, cools its feverish breath by the demolition of an ice-house, and with 
renewed vigor speeds its way through the heart of West Cambridge, over the plain to 
the Mystic River. Here we have, within the space of a few miles, every variety of 
surface and every kind of obstacle presented, better than in any other portion of the 
route. To these considerations might be added the accidental circumstance, that this is 
the part not embraced in the observations of other persons. The more southerly portions 
of the track were reconnoitred, and the more northerly part, beyond the Mystic, in the 
town of Medford, is the district which was principally embraced in the report made by 
the Rev. Charles Brooks in behalf of the committee appointed by the citizens of West 
Medford. No map of either of these portions has to my knowledge been published, 
but in one way or another the subject has been brought before the public of this vicinity, 
and to such the present map will serve as a connecting link. 

Before commencing the survey, I had satisfied myself by a preliminary examination of 
various portions of the track, that the direction of the axis line lay between N. 60° E. and 
N. 70° E. A compass was placed at the point of the axis line corresponding to 0, on the 
marginal scale of distances on the map, and a line was started N. 70° E., and staked at 
the distance of every hundred feet. This line was then prolonged with a graphometer, and 
at the same time perpendiculars to it at each stake were run out on both sides, and 
staked at every hundred feet. While one party was engaged in running the axis line, 
others prolonged the cross lines as far as any trace of the storm's action could be found, 
and still others were engaged in filling in the sections thus formed. The position of 
every tree was determined by two rectangular coordinates, and the direction in which it 
lay on the ground, or, if removed from its original place, the direction in which it had 
been carried was determined with a compass. By these means, not only was perfect 
uniformity preserved in the field notes, but, what was of equal importance, the axis 
and cross lines being first laid down upon the map, the work of plotting was very much 
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facilitated. Having graduated two of the sides of a right-angled triangle to the proper 
scale, one side is placed upon a cross line at the proper distance, and the other coordinate, 
which is always less than a hundred feet, is read off at once, and the position of the 
tree marked by a needle point, without drawing a single line. Each observer plotted 
his own notes, on a scale of fifty feet to the inch. This large scale was adopted in order 
to reduce the absolute errors as much as possible, and also to facilitate the detection of 
any errors in the notes. The several sheets were then united, and a new map of the 
whole made on a reduced scale of a hundred feet to the inch. 

It will be perceived, by a reference to the map, that the axis line of the survey is 
represented by a heavy broken line. This line is not straight, but, in order to equalize 
the length of the cross lines, offsets of a hundred feet or more were made in some places, 
where it appeared that we were getting on one side or the other of the true axis of the 
storm. After reaching the northern base of Wellington Hill, it will be perceived, also, 
that the system above described is abandoned for a short time, while crossing a part of 
the town of West Cambridge, and that the line is carried forward by courses running at 
various angles. This method was adopted in order to avoid the well-cultivated gardens 
of this particular district, where the encroachments of a surveying party, and the drag- 
ging of chains through flower-beds might have aroused the apprehension of the several 
proprietors. No inconvenience can arise from this, however, as, when once laid down 
upon the map in its true bearing, it is easy for any one to overlook the axis of the survey, 
and to mark out for himself the axis of the storm, as indicated by the traces which it has 
left. 

A few words seem to be necessary, by way of explanation, of the frequent recurrence 
of the symbol adopted to represent those trees which had been thrown down, but which 
were replaced at the time of the survey. The storm occurred on the 22d of August. 
At that time I was absent from Cambridge, and even had I been present, the survey 
could not have been undertaken until the members of my class had reassembled, at the 
end of the vacation. The survey w T as commenced on the 2d of September, and pros- 
ecuted without interruption during a period of ten days, with a party varying from 
twelve to thirty. As the storm passed over a section of country which is one of the 
principal sources of supply for the Boston market, and therefore in a high state of culti- 
vation, the farmers were the chief sufferers, many of them experiencing very severe 
losses by the destruction of their orchards. Most of these trees were simply blown 
down, with the roots on one side still clinging firmly to the ground, and the farmers with 
great alacrity set themselves at work to replace them, supporting them temporarily with 
shores. This work had been going on during the period of ten days which had elapsed 
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before the survey was commenced, and as it was considered important that some trace 
of these trees should be preserved, though the direction of their fall could not be given, 
a symbol was adopted to designate them. 

Some persons entertain the belief that the more fragile substances, as corn and grain, 
give the best indication of the direction of a storm, and this the more especially, because 
they attach great importance to the evidences of reaction, after the immediate violence 
of the storm has passed. It is not from inadvertency that no trace is left, among the 
results of the survey, of any observations upon this point. Several cornfields were passed 
on the route, and each one was made an object of special study and observation. Un- 
fortunately, the time which had elapsed since the occurrence of the storm rendered these 
observations useless. A farmer with whom I conversed described his cornfield as pre- 
senting, on the morning after the storm, the appearance of a field over which a heavy 
roller had passed, — the stalks all bent down in one direction. But for the several suc- 
ceeding days strong northerly winds prevailed, and the consequence was, that, at the 
time of my observations, some of the stalks were straightened up again, others bent 
back, and the whole scattered to every point of the compass, so that I was unwilling to 
record a solitary observation as reliable. 

So far as the reaction is concerned, I have no hesitation in saying, that many of the 
exceptional cases to be found on the map are to be explained by it alone, and too much 
caution cannot be exercised in basing any theory upon a few cases of anomalous action. 
A mere glance at the map will show that, throughout the whole track, the trees generally 
point inwards, towards the axis, so that at almost any point a person may put his finger 
upon the axis line. I believe that this indication is so reliable, that I had at one time 
intended to mark an axis line in each of the sections of a hundred feet, by this indi- 
cation alone, and then, by connecting all these, to give upon the map the true axis of 
the storm, that it might be shown at the same time whether it was straight or curved, 
and if curved, how great was its curvature. But I finally determined to leave this to be 
done by those who might study the map, and preferred to hold to my first resolution, to 
put down nothing which did not present itself on the actual survey, and thus leave 
every thing open to the theories of others. 

But while this first conclusion is very apparent, a more minute inspection will show, 
that even where the general indications are most distinctly marked, in other words, where 
the trees do with very great uniformity dip towards the axis, — those in its immediate 
vicinity coinciding with it in direction, and as we remove from it on either side making 
a greater angle, increasing with the distance from the axis, until at the outermost verge 
the angle reaches nearly 90°, — at these very places we may find some trees dip- 



THE TORNADO OF 1851. 175 

ping back even to an angle of 180° with the axis. Now, these are just the cases where 
the reaction plays a very conspicuous part. To illustrate this point, let us suppose a tree 
to be situated in the axis of the storm, which we will assume to be N. 70° E. As it is 
struck by the wind, it bends down to the ground, but its southerly roots, being strong, 
yield under the action without breaking. Reacting under its own elasticity, the tree flies 
back, and is carried S. 70° W., precisely as if the storm had originally passed over it in 
that direction. The northerly roots are weak, and break, the tree falls, and its direction 
is taken as S. 70° W. The yielding or holding of lateral roots may vary this angle more 
or less, and thus give us any of the exceptional cases which we have observed. This is 
not a mere theoretical deduction of the mode of action. In many cases, ledges of rock, 
strong roots, stone walls, &c, did very evidently demonstrate that the tree could not fall 
in the direction of its surrounding fellows, and its exception to them was amply explained 
by these causes. In the field notes many remarks are to be found confirming these 
views, but to transcribe them here, with the necessary references, would swell this 
memoir beyond proper limits. They are referred to merely by way of inculcating the 
necessity of caution in reasoning from other exceptional cases, where the fallacy of the 
reasoning might not be so palpably presented. 

In one sense, most of the observed phenomena may be looked upon as the effects of 
reaction. The general indication alluded to above, of a dip towards the axis, is most 
satisfactorily explained, not by considering the trees as thrown down by the direct force 
of the wind, but rather by regarding the storm as a mass moving with great velocity 
along its well-defined axis, overthrowing every thing in its way, and leaving behind it a 
vacuum towards which every thing on the borders of its path collapsed. And confirm- 
atory of these views are the facts observed with respect to buildings. Roofs were raised, 
and I was informed that a light muslin cuff was lifted from a bureau, and, as the roof 
fell back into its place, was caught and held suspended in the crack formed between it 
and the wall of the room. In one case particularly, of a factory near the West Cam* 
bridge road, the whole effect produced, and to my own mind well and clearly defined, 
was precisely what we should have, if we could suddenly place in a vacuum a building 
filled with atmospheric air of ordinary tension. Even the foundation walls were inclined 
outwards, and there was every evidence of a force acting from the interior to the 
exterior. 

The whirl theory, both in its grand convolutions, which may require miles for its 
exhibition, and in its more limited sphere, in which it drags every tree from its roots, as 
a screw is drawn from its bed, has its several advocates. With the more extended theory 
I have nothing to do, leaving that to be studied out from the map. But to those who 
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claim the more limited theory, who maintain that each tree is twisted from its bed, as 
one might be supposed to extract a screw, I feel bound to say, that although a most 
faithful search was made for evidence, yet, throughout the whole extent of these observa- 
tions, only two cases have been met with, which can even be twisted to agree with their 
theory. A tall young hickory was found standing, and twisted 180° upon its own 
trunk. The top rested upon the ground. The trunk was not broken off, but the fibres 
were separated, and the whole appearance was precisely what you would have if you 
took a bundle of fibres, and, placing it vertically, held the lower half, while you twisted 
the upper through 180°, and brought the top to the ground. The other case is that of 
a chimney lying on the left or northwest side of the axis. The bottom of this chimney 
stood firmly, while the top was twisted round upon it, as if it had been a distinct block, 
the south side of it moving towards the west. Even in the case of broken trees, no 
evidence of twisting is to be found. Any one who breaks a green twig, by twisting one 
part upon the other, will fiud in the broken parts, especially in the bark, the evidences 
of torsion. But here, although many broken trees were examined, some of them broken 
entirely through the trunk, others only as far as the heart, no evidences of torsion were 
found. The fractured fibres were in every case straight. 

Another very significant fact, in its bearing upon this point, is the following. The 
course of the tornado was from southwest to northeast. It held in suspension a great 
quantity of muddy water, and we find, as we examine the houses, trees, and stone walls 
which it met with in its course, that the southwest face of these is bespattered with mud, 
w T hile the northeast face remains clean. In some cases of trees which I examined, it 
is no exaggeration to say, that the line of demarcation between these two surfaces was 
as well defined, as if one face had been painted with a mud-wash and the other left in 
its natural state. 

I have conversed with many persons who saw the storm-cloud, and watched its prog- 
ress for many miles. There is some diversity in their accounts of its appearance, as we 
should naturally expect ; for unless it were a perfect surface of revolution, it w r ould 
appear differently as viewed from different positions, and even under the latter suppo- 
sition, difference of elevation would affect its appearance. Upon one point, however, 
they generally agree ; namely, that it had a conical shape, the vertex of the cone nearest 
the earth, and that it changed its distance, rising and falling as it advanced. Some add 
to this a lateral motion, and liken the movements of its elongated apex to those of an 
elephant's trunk. I mention this point merely to have an opportunity of calling attention 
to the facts observed during the survey, and which seem to confirm these views. In 
certain parts the apple-trees will be found to have suffered severely, while the tall forest- 
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trees have escaped unhurt. In other parts we notice just the reverse, every thing of low 
growth having been apparently out of the reach of violence, and the only evidences of 
injury being found in the broken branches on the tops of the tall forest-trees. In con- 
nection with this point, I would also record one other observation. Standing upon the 
top of Wellington Hill, we have a fine unbroken view of the track of the tornado through 
West Cambridge, and a large part of Medford. Its path, wherever it had passed through 
woods, was very distinctly marked by its brown color, strongly contrasted with the green 
foliage around it. On reaching any of these places, it was found that the leaves were 
crisp and withered, as if scorched by a fire, or acted upon by frost, and it appeared to 
me that this effect was particularly marked upon the hickory-trees. The cause of this 
phenomenon has been variously ascribed to extreme heat, extreme cold, and electricity. 
My purpose is simply to record the fact. There was much speculation at the time, also, 
with reference to the baked apples, or, as some preferred to call them, the frost-bitten or 
electrified apples, which were scattered over the ground. The only observation I have to 
record upon these is, that they were baked, frost-bitten, or electrified only upon one side, 
and that, as they lay on the ground, this side was invariably turned towards the sun, 
which was, moreover, at that time, shining with an intensity which all my companions 
on the survey will well recollect. 

Abundant testimony may be obtained from eyewitnesses as to the highly electric con- 
dition of the storm-cloud. One person describes a new lightning-rod upon his house as 
presenting the appearance of having been put into the fire. He also saw flashes of 
lightning from the cloud ; but on this latter point, we should be cautious of judging too 
hastily from appearances. In a dense cloud, such as this is represented to have been, a 
mere board or shingle, or piece of slate, or paper, all of which were at different times 
held in suspension, might easily catch and reflect the sun's rays, and, by one who was 
looking for the evidences of electric action, such a luminous appearance would readily be 
mistaken for the lightning's flash. The conductor alluded to above I did not see, but in 
the same vicinity the following remarkable phenomena were observed. Several panes of 
glass were pierced with small round holes, as if a bullet had passed through them, and 
in one instance under the following peculiar circumstances. In a small room, with one 
window facing towards the south, there is a sash door opposite the window, and the sash 
was covered by a cotton curtain. The window is believed to have been open, and a 
small hole, not as large as a five-cent piece, is found in the cotton curtain, and in the 
pane of glass a larger one, about the size of a quarter of a dollar. The glass presents a 
clean fracture, and the edges are not sharp, but look as if they had been melted. We 
cannot suppose such a hole in a piece of glass to be much larger in diameter than the 
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missile which produced it, and such a missile could not have first passed through the small 
hole in the curtain. Moreover, no further trace of it can be found, whereas a stone 
throw r n with sufficient force to make such a hole would have made a deep indentation, 
and probably imbedded itself in the wall beyond. The only plausible explanation of this 
phenomenon seems to be found in the agency of electricity. 
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